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NUTRITION OF THE MOUSE
IX. STUDIES ON PYRIDOXINE AND THIOURACIL*
EDITH M. BECK,t PAUL F. FENTON,t AND GEORGE R. COWGILL
The incidence of granulocytopenia in a series of 5,745 cases of thiouracil
administration has been reported to be 2.5%o,8 and clinical studies have
suggested that pyridoxine in large doses is of value in restoring the blood
picture to normal.' The present experiments were devised to determine
(a) if granulocytopenia could be induced in pyridoxine-deficient and in
adequately fed mice by the use of thiouracil, and (b) if pyridoxine could
restore the blood picture in neutropenic animals.
Methods
A total of 93 female mice of the C57 and A strains were used. The animals were
between two and four months old at the beginning of the study, appeared healthy, and
showed normal blood counts. They were kept in individual screen-bottom cages in an
air-conditioned room. The diets used in the experiments are shown in Table 1. Food
and water were supplied ad libitum, unless otherwise specified. Food consumption was
determined. The mice were weighed once each week. When it was found that animals
fed the thiouracil-containing diets reduced their food intake, a group of mice was
given 1.0 gm. of the adequate diet $150 daily. Another group was given two food jars,
one containing thiouracil (diet $149) and one without the drug (diet $148). Both
food jars contained an amount of diet sufficient to meet the daily food requirement.
The amount of each diet consumed was determined. Since reduced food intake would
also reduce the consumption of the drug, another group of mice was fed either the
adequate diet $150 or the pyridoxine-deficient ration $148. Thiouracil was then
administered by stomach tube in doses ranging from 4 to 60 mg. daily. Since the
higher doses frequently resulted in death, the usual doses employed were 4, 6, or
8 mg. per day.
Tail blood was used for complete blood counts, including total leucocyte, differential
leucocyte counts, hemoglobin concentration, and total erythrocyte counts at the
beginning of the experiment and at weekly intervals thereafter. If an animal showed
neutropenia (arbitrarily a neutrophil count of 500) on two successive weekly counts,
it was either continued on the same regime as a control or was given daily 0.2 mg. of
pyridoxine by stomach tube in addition to the previous intake of diet or drug. The
majority of animals was autopsied at the end of the experiment, particular note being
made of the gross appearance of the thyroid, thymus, liver, spleen, stomach, kidneys,
adrenals and lungs.
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Results
Mice fed the complete diet without thiouracil (#150) gained weight
slowly during the experiment. The pyridoxine-deficient animals (diet #148)
on the other hand showed a steady weight loss. About the 13th week of the
experiment they appeared excitable and occasionally went into convulsions.
No "running fits," paralysis, or dermatitis was noted. Food intake during
the early period was nearly normal. The animals fed the thiouracil-
containing diets with or without pyridoxine (#149 and #151) sharply
reduced their food'intake and lost weight. Many mice died, apparently of
starvation. The group fed daily 1.0 gm. of diet #150 also lost a great deal
TABLE 1
COMPOSITION OF DIETS
Basic composition*
Casein-vitamin-free 25%
Dextrose 66%
Salt mixture7 5%
Oil mixturet 2%
Ruffex 2%
* To prepare the control diet (complete) #150 the following supplement was added
per 100 gm. of ration: thiamine 0.5 mg.: riboflavin 1.0 mg., nicotinic acid 1.0 mg.,
calcium pantothenate 6.0 mg., inositol 100 mg., p-aminobenzoic acid 100 mg., choline
150 mg., folic acid 50 ,ug., biotin 20 Mg., and pyridoxine 10 mg. Diet #148 had the same
composition as 150 except that pyridoxine was omitted. Diet #149 was the same as
#148 but with 1% thiouracil added. Diet i151 was identical with #150 but with 1%
thiouracil added.
t Two gm. of the oil mixture contained 1.8 gm. of corn oil and 0.2 gm. of White's
Cod Liver Oil Concentrate. To these ingredients were added 6 mg. of a-tocopherol
and 1 mg. of 2-methyl-1,4-naphthoquinone.
of weight; these animals began to succumb during the second week on the
reduced food intake. When the mice were offered a choice of diets #148
and #149 (with or without thiouracil), they consumed far more of the
thiouracil-free diet. When the drug was administered orally in small doses
(4, 6, or 8 mg. per day), it was well tolerated, food consumption remaining
approximately normal. These dosages are of the same order of magnitude
as those used by Astwood' with rats.
Mice which had been maintained on the pyridoxine-deficient diet (#148)
for four months showed at autopsy small spleens and slightly reduced
lymphoid tissue. Several animals showed enlarged, fatty livers. Thiouracil-
treated mice almost uniformly showed enlarged, hyperemic thyroids. The
stomachs of animals which died as a result of the large oral doses of
thiouracil were distended, while the small intestines were usually empty.
The blood counts carried out at the beginning of the experiment revealed
no significant strain differences (Table 2) nor did the blood picture change
in those animals maintained on diet #150. The leucocyte counts were found
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to vary between wide limits. Mice maintained on the pyridoxine-free diet
(#148) showed steadily declining red cell counts and hemoglobin values.
Two mice in the group showed a transient neutropenia during the.5th week
of the experiment. Table 2 shows the average counts during the 7th and 9th
weeks. A similar decline in red cell counts and hemoglobin concentration
was noted in animals on the pyridoxine-free, thiouracil-containing diet #149
(Table 2). A modest decrease in white cell counts was noted in these mice.
The effect of severe caloric restriction can be seen in the animals fed 1.0 gm.
of diet #150 (Table 2). Red cell counts, hemoglobin levels, and white cell
TABLE 2
SUMMARY OF BLOOD COUNTS
Severe
Diet caloric
Controls Diet#148 #149 restriction
7th 9th 6th 2nd
C.7 A week week week week
Red cell count-millions/mm.8 9.30 9.08 9.06 8.76 8.58 7.67
Hemoglobin-gm.% 15.2 15.4 15.2 11.1 12.8 12.4
White cell count/mm.3 8660 6747 7038 6925 5548 3928
Neutrophils/mm.' 1445 1485 1459 1489 2232 2705
Lymphocytes/mm.8 7153 5215 5579 5436 3302 749
Differential count-%
Neutrophils 16.9 22.3 20.7 22.5 34.0 80.3
Ring forms 6.1 10.7 6.7 9.5 14.0 33.2
Lymphocytes 82.6 77.3 79.0 76.7 66.0 19.4
Monocytes 0.5 0.3 0 0.7 0.4 0.3
Eosinophils 0.8 0.1 0.3 0 0 0
Basophils 0 0 0 0 0 0
* Diet g148 was without pyridoxine.
tDiet $149 was without pyridoxine but with thiouracil added.
counts (particularly lymphocytes) were sharply diminished. The total
neutrophil count was higher than in any other series in these experiments.
Mice fed diet #148 and given small oral doses of thiouracil showed a slight
drop in hemoglobin levels and white cell counts. Neutrophil counts dropped
to a minimum during the 3d, 4th, and 5th weeks with several animals
reaching the neutropenic level. When pyridoxine was administered, the
neutrophil count usually rose, but many mice showed spontaneous recovery.
Discussion
The effects of pyridoxine deficiency noted in this study were much milder
than those observed in other species. No acrodynia was seen in our animals.
Similar observations have been made by Foy and Cerecedo' and by Morris!
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White cell and differential counts did not change. This is in contrast to
observations reported by Weir et al.' who, however, resorted to the use of
desoxypyridoxine to induce pyridoxine deficiency. The reversal of the
lymphocyte to granulocyte ratio reported by these workers is similar to
that noted in our inanition studies. The slight reduction in red cell counts
and hemoglobin levels in our pyridoxine-deficient animals suggests that
some slight degree of inanition existed. It would seem then that pyridoxine
deficiency per se has little if any effect on the blood picture in the mouse
under our experimental conditions.
The changes in the blood picture of mice with severely reduced caloric
intake are similar to those reported for other species. Boutwell et al.,8 using
mice, have reported that caloric restriction reduces the total white cell and
lymphocyte counts. This is in good agreement with our observations.
The severe caloric restriction in mice fed thiouracil-containing diets and
the relatively normal food intake in mice fed thiouracil by stomach tube
point to the latter as the method of choice in studies with thiouracil or
similar materials. Clearly, neutropenia could be induced by thiouracil
administration (as employed in these studies), but the condition was so
transient that no definite picture of the possible beneficial effects of
pyridoxine administration could be obtained.'
Summary and conclusions
1. No strain differences in the blood pictures of normal mice of the A
and C57 strains could be observed.
2. Pyridoxine deficiency in the mouse was characterized by weight loss
and increased excitability. Food consumption under the conditions of these
experiments was nearly normal. No marked changes in the blood picture
directly attributable to pyridoxine deficiency were noted.
3. Starvation in mice reduced the red and white cell counts and the
hemoglobin concentrations; it reversed the lymphocyte to granulocyte ratio.
4. Oral administration of thiouracil in certain dosages permitted
maintenance of normal food intake. Under these conditions transient
neutropenia was observed.
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